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INTEGRATING WEED BIOLOGY WITH HERBICIDE TECHNOLOGY TO REDUCE 
ECONOl\flC AND AGRONOl\flC RISK 
Jeffrey L. Gunsolus 
Professor/Extension Agronomist-Weed Science 
Department of Agronomy and Plant Genetics 
University of Minnesota 
Weed management, as it is currently practiced on com and soybean acres in the Midwestern 
United States, is closely tied to time and labor management issues due to the large acres of land 
that individual producers farm. The challenge for agricultural professionals is to communicate 
how weed biology and herbicide technology influence time and labor management issues and 
how to use weed biology and herbicide technology information to reduce economic and 
agronomic risk to the producer. 
Economic and Agronomic Risk 
What are some of the economic and agronomic production risks that can be better managed 
through this integrated approach? Weed species shifts and the development of herbicide 
resistant weeds is often the end result of weed management practices that are not diversified over 
time. This lack of diversification is often done in an effort to develop inexpensive weed 
management tactics that are easy to implement. The phrase "a dollar today is worth more than a 
dollar tomorrow" adequately describes the mind-set that precedes significant weed management 
shifts. 
The reduction in crop yield potential due to interference from weeds is a difficult risk to assess 
because of the inherent variability of the weather and its impact on weed/crop emergence and 
growth and herbicide effectiveness and crop injury potential. From a time management 
perspective, weather-induced variability can be expressed as field working days; the time 
available to complete field operations in a timely (i.e. optimal).manner. Field working days will 
· influence optimal machine size, field acreage planted, and the timeliness of field operations 
(including weed control). Although variable from year to year a better understanding of critical 
time periods for weed control would help producers determine some of the "natural limits" to a 
particular weed management tactic for their specific geographic location. 
To address economic and agronomic risk it is also important to consider a com and soybean 
producer's time frame for effective weed management. In most cases this time frame will be one 
to two years with a focus on herbicide effectiveness, price, ease of application (one-pass 
applications preferred over two-pass applications) and concern for herbicide carryover potential. 
Weed biology, however, works on a longer time frame. The history of herbicide development is 
full of examples where significant weed species shifts and resistant weed developments have 
occurred approximately five to seven years after the introduction of a herbicide that was applied 
to a high percentage of the existing com or soybean production acres. Unfortunately weed seed 
dormancy is a biological property of weeds that could potentially minimize the effectiveness of a 
particular herbicide (or related herbicides) for many years. 
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Over the past thirty years (or so) there has always been a new com or soybean herbicide in the 
research and development process that has reduced the significance of a particular weed species 
shift or herbicide resistant weed. In recent years the agrichemical market has lost value with a 
decline in growth. What impact will this have on the research for and development of new 
herbicides? Can we count on a new herbicide to solve our next weed species shift? Or should 
we look to a more integrated weed management approach to increase the durability of our 
existing weed management tactics? 
Biological Time Constraints 
From the producers frame of reference, short-term economics often predominates over weed 
biology concerns and makes it difficult to explain the connection of biological interactions to 
time and labor management decisions. Periodicity of weed emergence (especially in relation to 
crop planting date), rate of weed growth, and the critical period of weed control are time 
dependent variables that I will refer to as biological time constraints. In a crop producers field it 
is important to align the biological time constraints of an existing weed complex to a producers 
time and labor management constraints. 
Periodicity of Weed Emergence 
With the increasing use of non-residual, broad-spectrum postemergence herbicides such as 
glyphosate and glufosinate in Midwestern agriculture, the diversity of weed species in the soil-
seed bank and the ensuing diversity of weed emergence patterns will influence the number of 
herbicide applications that will be necessary for a given field. Research on annual weed 
emergence patterns in the Midwestern United States indicates that peak annual weed emergence 
flushes may begin as early as mid-April (e.g., kochia [Kochia scoparia] and wild mustard 
[Sinapis arvensis )]) and as late as early July (e.g., common waterhemp [Amaranthus rudis ]). It 
is not uncommon for early- and late-emerging weed species to exist in the same field. Therefore, 
non-residual herbicides applied early in the growing season may eliminate some early emerging 
annual weed species but may leave late-emerging weeds that can still reduce crop yield or 
produce seeds that return to the seed bank. Over time, returning weed seed to the seed bank has 
the potential to shift the weed populations to late-emerging annuals (e.g. common waterhemp), 
unless the weed management strategies are adequately diversified. Alternatively, delaying 
herbicide application to target late-emerging weeds may result in crop yield loss due to an 
extended period of competition with early emerging weeds. 
Rate of Weed Growth and Development 
The growth of weeds, as is the case for most biological organisms, is logarithmic. Many 
herbicide efficacy and crop injury problems can be attributed to herbicide application to weeds 
and crops that are too large. Most postemergence herbicide labels list the ranges of weed and 
crop heights over which herbicide efficacy is maximized and crop injury is minimized. With the 
advent of herbicide-resistant crops, the concern over herbicide-induced injury has been reduced. 
However, the need for timely herbicide application to maximize efficacy and to minimize weed-
crop interference is important. For example, in the Roundup Ready com system, the glyphosate 
label states that the herbicide should first be applied when weeds are 4 inches in height. In the 
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Roundup Ready soybean system, the glyphosate label states that weeds should be controlled in 
the 4- to 8-inch height range. In communicating with growers, translating weed height into units 
of time (i.e., days after crop planting) helps growers integrate weed and crop biology restrictions 
into their time and labor framework. Under most Minnesota spring and early summer cropping 
conditions it takes approximately four weeks for foxtail (Setaria spp.) to reach 4 inches in height 
and approximately six weeks for the foxtail spp. to reach 8 inches in height. Therefore, based on 
the glyphosate label, a Minnesota crop producer has approximately a two-week interval to 
complete a glyphosate weed management program in soybean and a glyphosate weed 
management program in corn should be initiated approximately one month after corn planting. 
Disruption of the time of application framework could result in poor weed control or yield loss 
due to weed - crop interference. 
Critical Period of Weed Control 
The relative degree of competition between weeds and the crop depends upon the time of weed 
emergence and the time of weed removal and is referred to as the critical period of weed control. 
There are two key components of this critical period. The first is the length of time that weeds 
can remain in the crop before they interfere with crop growth. The second is the period of time 
over which weed control efforts must be maintained before the crop can effectively compete with 
weeds and prevent crop yield loss. The critical period of weed control can be used in an 
integrated weed management program to optimize the timeliness of postemergence herbicide 
applications and to determine the timing of mechanical weed control practices. 
In northern latitudes of the United States, the period of time that early-emerging weeds can 
remain in a crop before interfering with grain yield is approximately two to five weeks after corn 
emergence and four to six weeks after soybean emergence. The time over which weed control 
efforts must be maintained before a crop can effectively compete with late-emerging weeds and 
prevent crop yield loss is approximately four to five weeks after crop emergence for corn and 
soybean. Therefore, the critical period of weed interference indicates that postemergence weed 
control programs in corn are associated with more risk of yield loss, due to untimely control of 
early-emerging weeds, than are postemergence weed control programs in soybean. 
The critical period of weed control is dependent upon the crop~ geographic location, 
environmental conditions and the weed species complex. Emergence patterns and density are 
key weed factors that would influence the critical period of weed control. 
Risk Management 
The main value of herbicides to a farmer is to reduce yield variability, and, thus income 
variability. Ease of application and the ability to manage large acres of land in a limited period 
of time also enhance an herbicides value to a farmer. 
Traditionally, herbicide weed management evaluations are primarily focused on herbicide 
efficacy and crop yield without conducting an economic analysis of returns provided by each 
weed management system. The objective of weed management trials at the University of 
Minnesota over the last six years has been to measure the economic returns of herbicide and 
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mechanical weed management systems and to apply risk analysis techniques to evaluate the 
consistency of economic performance over different cropping environments and weed species. 
Weed management systems have been evaluated in small plot replicated trials over a six-year 
time period at two locations in southern Minnesota. Adjusted gross returns were calculated for 
each system by deducting weed management costs (including application costs) from the product 
of com or soybean price and seed yield. Adjusted gross returns are then subjected to mean-
variance and stochastic dominance risk analysis techniques. These techniques provide a 
comparison of economic return and consistency of economic performance (i.e., risk). The 
primary focus of these studies was to compare one-pass soil-applied, one-pass postemergence 
and a two-pass soil-applied followed by postemergence weed management strategies in com and 
soybean. Results indicate that economic risk is location, crop and weed species dependent. 
Corn 
In com at Waseca, MN a 2-collar total postemergence herbicide program of Basis + Clarity 
followed by one inter-row cultivation consistently provided higher returns than one-pass 4-collar 
application of Accent + Clarity or a two-pass preemergence acetochlor followed by a 
postemergence Clarity application. At Lamberton, MN a two-pass preplant incorporated 
acetochlor followed by a postemergence Clarity application consistently provided higher returns 
than either the two-pass preemergence acetochlor followed by a postemergence Clarity 
application or the one-pass 3 or 4-collar postemergence treatments. The drier environment and 
the predominance of Setaria luetescens (yellow foxtail) at Lamberton could explain why the 
two-pass preemergence I postemergence system would be a: more risk efficient approach than at 
Waseca where adequate rainfall lessened the impact of early season Setaria faberi (giant 
foxtail)/crop interference. However, even at Waseca a total postemergence treatment followed 
by one pass with an inter-row cultivator was more risk efficient than a total postemergence 
approach. 
Soybean 
In soybean at Waseca, MN a one-pass postemergence application of Pursuit and a two-pass, 
Treflan followed by postemergence Pursuit were more risk efficient than a one-pass soil 
application of Pursuit Plus. This is most likely due to the high population of common ragweed 
(Ambrosia artemisiifolia ) present at the Waseca, MN site. At Lamberton, MN this same one-
pass soil application of Pursuit Plus was one of the most risk efficient treatments due to the lack 
of competition from large-seed broadleaf weed species. 
In a three-year study comparing Roundup Ready weed management systems to conventional 
herbicides the one- and two-pass glyphosate treatments were more risk efficient than Pursuit 
Plus, Treflan I Pursuit, and one-pass postemergence Pursuit treatments. However, at Lamberton, 
MN with its weed spectrum of yellow foxtail and common lambsquarters (Chenopodium album 
L.) there was very little difference in the risk efficiency between the glyphosate and Pursuit 
treatments. 
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Limitations to the mean-variance and stochastic dominance risk analysis techniques 
The research plots that are used to assess weed management risk efficiency cannot completely 
simulate a farmer's field. The treatments are applied to four replications of 10 by 30-foot plots. 
Also, each year the treatments are applied to a different field that was in weedy fallow the 
previous growing season, to prevent herbicide carryover from the year before to confound crop 
growth and development. Therefore, this analysis of weed management strategies does not 
factor in the risk of trying to apply a one-pass 3-collar postemergence treatment to 1,000 acres. 
Nor does it factor in the impact of seed rain and changes to the weed seed bank that may occur as 
the result of previous, poorly timed herbicide applications. As a result, in cases where one- and 
two-pass applications appear equivalent in their risk efficiency I would favor the two-pass weed 
management system. The two-pass systems are more likely to reduce the risk of precisely timed 
one-pass weed martagement strategies and often, the two-pass systems have more diversification 
of herbicide modes of action, which often helps to mitigate significant weed species shifts over 
time. 
Developing Integrated Weed Management Systems 
As agricultural professionals how can we best promote integrated weed management (IWM) as a 
strategy that reduces risk to the producer by diversifying the weed management tactics at our 
disposal over time and location? To use a reference to the stock market, integrated weed 
management could be considered a "dollar-cost averaging" approach to weed control. We need 
to better understand and communicate the biological consequences of weed management 
decisions. For example, what are the long-term impacts of a small increase in weed seed bank 
size as a result of late-emerging weeds? 
We also need to remember that crop production differences in location, environment, and weed 
species in combination with differences in time and labor management issues of each producer 
preclude the current attitude of a one-size-fits-all approach to weed management in com and 
soybean. There is a significant risk in a one-tactic weed management strategy simply because 
there are too many variables in the weed management equation. 
If we hope to have producers put some of our weed science knowledge to work we also need to 
be aware of some producer limitations. Consider the time-cost to gather and process weed 
biology information. Does it out weigh the value of the information to the producer? Weather 
variability will always limit our ability to perform IWM. Look for IWM practices that will work 
with a high degree of probability within a defined cropping region. Approaching IWM as a 
means of risk management is a logical and productive approach to increasing our understanding 
of IWM and its potential application to producers. The interface of biology and economics may 
be our primary means of communicating weed science knowledge to influence producer 
decisions. 
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